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Error correction method for Reed- Solomon product code 

The present invention relates to soft-decision decoding of 
Reed-Solomon, product codes, it further relates to a system for 
5 correcting errots iri a Reed- Sol othon product code. 

For iipt'i^ai^ ^iebrding media such as digital versatile tdisjcs 
(DVP)? ^'Ree^6olbttferi : :(RS>.- product code is used for error * 
correction. The date a frames include horizontal 'and vertical 
10 parity data for correcting errors in the frame per rows . and 

columns . The data' rows and columns of the frame constitute so- 
called product -codes. The outer code is a RS code (208, 192,17) , 
while : tKe^ inner" c?bde is a RS code (182 , 172 ,11)', Therefore^ ' one 
data frame consists of 208*182=37856 bytes. 



15 



Multipass . devices save, at least two data frames in a memory. 
One tfatja fra^va! is'savted for input /output and the second: is 
savfed.^for correction. Current systems save the data either in 
external SDRAM or in internal SRAM. Due to 'random accesses 
20 durinbf. correction of ^v.the errors, the SDRAM approach is ' . " . . 
significantly slower than the approach using internal SRAM. 

US sV034.i28S : 'di»^oWs' > an implementation of a DVD controller^ 
The -input /output correction is done in an 

25 external SDRAM. For fast processing an internal SRAM is used. 
The s^4romfep-;ar^ saved ih the internal SRAM, while correction 
is. don&^'in 'th&. "^teraal. SDRAM.' During correction the .orthogonal 
syndromes are updated: with the error values .'" Therefore,. . 
additional hardware ; .ds ; . retired, but the process ie • 'O. 

30 accieierate^d. The .' disclosed , implementation has a disadvantage 

that random accesses to. the SDRAM are required, which jslow dawn 
the correct lor*; The internal SRAM consumption for multipass 

correction in. : that in^lertieh'tatibn is' about 2*4992«9984 bytes . 

. ■ r:...-.'., : :;.« ;•..: • ■ - . .v/; 

35 It iaV.a&r obj-jepfe ,o£ the' .invention to propose an improved,, method 
for .error correction... - : • 
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According to "the invention, this object is achieved by.,, si. method 
for- error correction of ail encoded data stream comprising the 
steps of: 

5 - saving the demodulated data stream in a small input, biiffer; :. 

- performing a first correction process on-the-fly in -the:, input 

buffets • ;.->" •" • .., " ? ^ *-*v 

- tr'ansf erritig the data to an external SDRAM after correction; 

- copying a data .frame from the external (SDRAM to an embedded 

- starting a ^multipass correction in the embedded .SRAM; and 

- copying the corrected data frame back from the embedded SRAM 
to the external SDRAM.. 

The method uses a mixture, of external SDRAM and ±at&rnalyBWm. 

15 The input /output streaming is performed by a comparatively., slow 
exteipiai^ is performed in a f ^t 

internal SRAM. -Therefore, the data from, the .external .SDRAM, are. 
copied/into the ' fast' internal SRAM only for correct ionV After 
the correction process , the so-called "Inner 1",. the data 10 

20 • streamed baok- -.tb the " external : SDRAM. In this yay the number of 
randomracdesaes" to the external SDRAM is reduoed- If >the:/e^ors 
are .sorted, the pinner 1": correction process and .the transfer 
of the: data can be performed at same time. Furthermore,; the 
Size of the internal* SRAM is also reduced- The internal 'SRAM 



25 correction simplifies the hardware complexity during th@ 
correction process. . . 



30 



Favourably , .the, data, strejam is encoded with a Reed- Solomon; 
prodtict -.code- This type of error correction code is widely usee 
for coding data •:str'e4tns:' on recording media'/- • ""; - 



A method, according to the invention is advantageously performed 
by a device for error correction .of an encoded data str^aTn.'; 
Such a device 'Irias the." advantage, .that ' the required SRAM.: and the 
35 random "aecesse's .fcb ,'tjie" -SDRAM are reduced- Furthermore", '"due. to 



PD030074IPSP*Su*090703 



IS 



- 3 - 



the .internal jSR^.-ajiproficsh. high •multipass correction ;ia« s ' : i-f.';. 
enabled.:-'.,. ... • .;:.."•'«:..... .•' Z.... ■. 

Favourably, a method or a device according to the invention is 
5 • used fcy^an ^pparatua for heading from and/ or writing ^q'v. -- 
recording- media* .: ■ ' v * . 

For a better understanding of the invention/ an exemplary; 

embodiment is spiscif led. in the following dee cri£t ion .with 

10 reference to thfe. 'figures. It is understood that the iii^5$tion 
is not; limited tki^ and that 6pe'ciEied 

features? *dan^%iso * : 'expedi£ntly be combined and/or .modified'- • 
without, departing from the . scope' of the present inven^oh. In 
the figures: . . » _.v 



Pig'/^i^'? ' shows a block diagram of acquisition and the . 
horizontal pass 1; 



Pig- 2f ' shows w t fie 'process' flow of the multipass correction; 

20 and-<\ - • % ... 

• . . . • . *" *■ v* . 

' *•'. v« 'i i* /»'■"' " "vf.V-"* v.. *. * ■ - •* . • * ^ • 

Fig. 3- shows a data flow timing of SRAM2/ SDRAM. 



In the;; "following the invention is described with reference to 
25 opti^ti.syejt-em^ used for ; digital versatile.,.disks . Of 'coujs^, 
the invention's also applicable .to other types J of disk-., 
systems* *. • 

On a DVD the tnput. data, are packed in ECC blocks. An !ei?ror:\ : 
30 correction ^. ax)'deA,( ECC) . block comprises, 208 rows times 3L82 . 

columns'., of aym!^ one symbol corresponds to tt&ie byte • 

For decoding a "DVD data frame the following procedures * are 
performed:. 

35 Input and;,sort /the -data according to the frame numbers 



Deinterleave the ECC block 
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• Correct EGC horizontal (PI -correction; inner correction) 

• Correct EGC vertical (PO- correct ion/ outer correction) 

• Multipass.:' Perform; horizontal and vertical correction 
• again, . if,, necessary . v * : ' : * 

5 • Descramble data frame 

• ;/,4B^f oip% A 55QC ;< error detection code) check on data^^^me . 

• /. :•**;■'; . .. . 

Two' types of ^corrections aire processed in £tie data f iowY ' 

• Horizontal* correcting 208 rows with (182,172,11) RS codes 
10 • vertical! cotrectihg. 182 column© with (208, 192, 1;^)* RS 

codes * »* * * * *"* - **" 

According ' to r th®; invent? ion an input buffer 2 and one SRAM bank 
11 holding.; the d$fea s f©r one ECC block is used;. The first 

15 correction pass,, t he • •. bp - cal 1 ed . 11 inneapl 1 ' correction, ^ ; 4s>ne. on- 
the-£iy>v^ ttxe multipass correction is done in the. embedded 
SRAM", ; b,^nk. 11 brief .description of the dfta-f^ow of^he* two 
correqtion prooessee is . given in the following. . ; 
For the. first correction process, the demodulated data stream 

20 of a set BCCa is. saved, in a small embedded SRAM1 2, ref erred as 
11 input 'buffer".,. .The correction of the set BCC tt is performed on- 
the-fiy in the embedded. "SJRAM1 2. After correction of inner^ the 
data' of the "s4t * ECC^ are transferred to an external SDRAM " 3 - 
For the second correction process, after receiving a .full- set 

25 of ECC^'in the ; vexternal SDRAM' 3 the multipass corrected; ^ata of 
a previous ijset EGC a -i is read out from the embedded SRAM2 11 
back to ; the e;xUmal SliRAM 3' while the blodk ECd* is copied froi 
the SDRAM 3 "to the SRAM2 11, After receiving a* full set. of ECCf a 
in the eiiibedded 3RAM2 li* the multipass correction is- started. 

30 Both processes- work independently from each other. 

• . - . t ~ • • . . . . ♦ .. . • 

In • ?ig v .l". a. block 'diagr^tft of acquisition and the horizontal* 
pass 1 is shown. An input controller i saves one row ojg/ECCn in 
the input buffet- 2 . The. input controller l detects streaming 
35 discontinuities! . An of less than one'xow" 
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(byte/frame) are corrected immediately in the .input .buffet 2 . 
If streaming discontinuities of more than one row are detected, 
this Information, ia . stored and the row is written to -the , 
correct "position of " £jie SDRAM 3 by a deinterleaver 4 < :Kf ter 

5 eompie ting one .roW/. t hie input controller 1 starts a horizontal 
syndromes unites, The" "horizontal syndromes unit 5 re^de-^he row 
from'the ^np^fc "buffer' 2 and computes modified syndromis^and an 
erasure polynomial. A. ?key solver and Chieh'.unit- 6 solves, the 
equation and transfers the error values and positions to a. 

10 correction, unit 7. The positions of the first ten acquisition 
errors are stored in a first erasure memory 8. The correction 
unit 7 corrects the data of block BCC n in the input buffer 2 in 
a bytewise access . r.dw. .by row. .'Xf a row is uncorrectable^ •., -the! 
row number, is marked - ; as uncorrectable . Therefore, a. status : bit 

15 is attached, to; the row, . indicating if the obtained codeword is 
corr^ot'jo^/^^t./iUter correction one row ", the row is T-'' "'" 
tra^|ea?red- ,v t^.^he external spRAM 3 via the deinterleaver '4', ' 
taking into account the row number information from the input 
controller i. If necessary, the deinterleaver 4 jumps row-wise 

20 in the sjdram 3 td : correct streaming discontinuities detected' by 
the input controller l After acquisition of one complete- T^cci, 
the • secdnd'proceis ofV-multipass correction is initiated, v*- ' 

Af ter- -receiving' one "full set " o£ BCC n in the SDRAM .3, the^ata -V 
25 are 'copied to the 'SRAM'2 :ii/ .While new BCC is streamedSnr&gh '• 
the '. S^W^T ^2',/V-the vertical and subsequently "the multipass ■ 
correction iaoperfWrte'dV in. the . embedded SRAM2JL1. Th® process 
flow of. the-, multipass correction is shown ih'pig. 2. in the" " 
figure, ih eaee a pair;, of numbers is given-; the numbers/^n i- • .' 
30 brackets refer rto: horizontal correction/ while the nut&er's'"'' 

without .braokets refer. to' vertical aorrebtion. A oopyourfit 9 "'• 
copies, the data.^of the --pec into the embedded SRAM2 n,! 'it 
further writes eke status . bit into the status memory i£ of the 
"Innerx?. pass" ^.'computes .'the erasure positions of .5^ ffi 
35 uncorrectable^ errors Which are; written, into a second erasure ' 

memory. #p'. The.;; second [erasure "memory 16. stores . the.-po'Sf tibhs -of - 

• : :' • -■ •».«■•: .... : . :•*;••-. •; 
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15 



25 



30 



■ c •■ . - 6 - ~' •• ' ' 

• : - ' • '•',<■:-.. ..T •" • . 

up to .16 rows/ 10 columns, which were uncorrectable in the 

previous; correction; process. After receiving a full ECC^.' a 

co^rql-unit^.J;^ siarised^ The pontrol unit 14 reads tne last 

^^J&V ^tatuiaj.of .the; codeword from the status memory ,.: 

Aceoxding to;-t;hi.s ,st&;tha process for the codeword-is-'.': 

Bt f^*%& ^ : >yndrome- generator 5. reads the*: erasure of£ the las 

orthogonal ' pf&fcs* and computes the syndromes of the . v ood^wordi 

After computation of the syndromes, it starts the key solver 

and Chien 6 search algorithm with the syndromeB and the last 

orthogonal erasure positions. The correction unit 7 corrects 

the ECC block in the; ; SRAM2 11 : in a bytewise access., saying the 

status of- the vbodewdrd back into the status memory i2.^An\ 

output /desczdrnfa^er IV descrambles the data stream, performs., an 

"^S^SS* ..aadl peoples : *hVdatk back to a DRAM track buffer. " 

^/'S^o^t/dew^iar 13 may further perform a" -Sector 

fiit^i^g. *'.£f'v? 'r:.rjr;:),--. : - ; S^V???. > ■ 



The t^mory needed, f or the process flow can be summarised ^'ap 

f ollows : :> '"' : 



20 * -^as^^vMeiBoryl.* .1C I, bytes per row of SRAM1 



». :Btateus^eii^^,;.^0/bit = 



.49 bytes . 



..Erasure.. Meni6a^> : '.^6. bytes : ^ . A^.v'l 

.* r.-SRaMi < 4kbyte.i'>- .; '• "■ ' 



Figure 3 shows a more detailed ..timing structure of the ;SRAM. 
behaviour. . The streams -between SHAM and SDRAM reduces ^the . time 
left for multipass correction. Prom the figure it can .be. seen 
that the twq. processes described' in Fig- l and Pig. 2 are " ■ 
decouple-d....The •stream^from -the input buffer 2 to the SDRAM 3 . U 
critically temporally jinked to £he data input, whereas the 
strQ am|.from the. SDRAM 3 to the SRAM2 11 and from the SRAM2 11 
to the.,^DRAM. 3 can be transmitted discretionarily wheheve'ir' the 
bus to' "the SDRAM : 3. is 'empty. This only depends on the .'speed of 
35 the SDRAM buffer. 
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Claims v'v; ' ■■■ " : i* <v" ' 

1. V;.^^jp4: ; ^Qp^erS3br- '0<Mrtaofeicin of an encoded data s s£"tfWam " 

5 . - saving the* 'demodulated data stream in a jamal.1 input., buffer 2 

- performing a first . correct ion process on- the -fly in. the input 
buffer '2/ • 

~ trarisferrihg.r.the data to an .external SDRAM 3 after . 
correction; " m 

10 - copying a delta, frame from the external SDRAM 3 to an., Embedded 
SRAM' 1,1; • -V'o : 

• - starting a- multipass " correction in the embedded SRS&Cii; and 

- C90?y4(^Sr; th^d^ryeqted ;dsta frame back from the* embedded SRAM 
11 td, .;t;;he extfe'^nal SDljSAM 3 - . . V. v , 

is ' " . . . . * . ' " : :: " ■ / r ■ • 

2. '. * Method according to. claim 1, characterized in that - the'. 
data stream, is.. encoded with a Reed- Solomon product cod£. . 

3. '^Be'Hce£©r-err6r correction of an encoded, data stream, 

20 clterkbterized^^ ' perf orm& a method" according J &o^6h.&' o£ 

clfciTnd:H or 2 . -\ r ■ . ->\ ' v • 

4. . _ a . '^J|j^mv»t?!Ato ii? 1 ? 3 ^ ; fi^c^W and/ or wri£ing. sr to recording 
media, ^char^ it usee a method Recording to 

25 anyone 6f claims 1 to 2 or comprises a device according to 

claim 3 t for,. errop;;. cor recfeion .pf an encoded data • etream>-. : ^ :r 



PD030074IPSP*Su*0'90703 . 
Abstract ~ 

Error . c^rrecti^^ for Reed-Solomon product - code.?:-. 

s The. present . invention relates to soft.-dec-ision decoding c 
Reed-Solomon product codes. 

According to. the invention/ a method for error correcjs4.o.n of r ai 
encoded. data, stream domprises the steps of: 

- saving the demodulated data stream in a small input buffer 2; 
10 - performing a first correction process on-the-fly in the -input 

buffered ; 

- transferring the data to an external SDRAM 3 after ' 

oorr#a;fe'jfc©n/ ■' ' t . . >.:i„ ~ • s '; ; [■ ■ 

- copying a dktt'a. f rame from the external SDRAM 3 to atiV.embeddec 
15 SRAM 11/" "'! ... '"" ' ' ' r.%y: •.••,-> • •: 

- starting a multipass correction in the embedded SRAM^llj and 

- copying the corrected data frame hack from the. embedded SRAM 
11 to i* the external SDRAM '3.- 

•* .■••>• •• .... ...... . K «..».. v .;. 

20 (PigJ~2i. " ' " ' • : . : 

- \ r -a yjv. •„-. • :* • • -•• • • . . - »• - . 
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